The paper presents basic concepts on nanotechnology and the use of this in an oil and gas research and development (R&D) center, the Research and Development Center Leopoldo Américo Miguez de Mello of Petrobras (CENPES). The aim of this paper is to present a proposal of an observatory of trends in the area of nanotechnology at CENPES, to generate information, such as the state of the art technologies, technological trajectories, movements of competitors and partners, and aspects relating to regulations and incentives for decision making in the technology management process. The model consists of five steps that should occur in a continuous cycle: literature review, expert consultation, analysis of opportunities and threats, timelines or roadmaps, and monitoring. In conclusion, the proposed observatory includes a set of topics (variables), sources, techniques of competitive technical intelligence and technological foresight, systematized in order to support decision making in technology management.
Introduction
A research and development (R&D) business center should be prepared to anticipate technological solutions for other areas of the company, enabling the company to stay ahead of the competition and, therefore, the institution need to have a technology/innovation management process well structured.
The technology management process of an institution implies the definition, prioritization, implementation and evaluation of research and development (R&D) projects. The search for information related to movements of players and their R&D projects, and related to signs of change and trends is important for this process, because the understanding of these aspects allows the organization to understand the current context of the organization. And the practice of reflections about future enables the institution to be better prepared against the competition for different situations in medium or long-term.
Such information may be also relevant for monitoring the technological dimension of prospective scenarios because they allow the identification of technological trends, potential disruptive technologies that influence the company's business, as well as a discussion of when this may happen within the time horizon considered in the scenarios of the organization, that can help the organization to prepare its long-term strategies.
Competitive technical intelligence, linked to the actions of the present and foresight, linked to future studies, can be used to generate this type of information. These techniques can be applied punctually by different areas or can be systematized through a structured model as proposed in this paper. Tidd, Bessant and Pavitt (2008) comment that one of the phases of innovation management includes the analysis of the external environment. According to Leitão (1996) , monitoring the external environment has become increasingly important, allowing the verification of what is happening in the environment around the organization that can impact the business, such as: i) new technologies/technological trends; ii) potential partners for research projects, iii) opportunities and threats in the short, medium and long-term; among others. This paper is structured as follows: first, the basic concepts of nanotechnology, that is considered a technology carrier for the future, are presented. Then information about CENPES and the use of nanotechnology in the institution is shown, addressing how the nanotechnology area is organized at the research center. Later, it is proposed the model of the observatory of trends in the area of nanotechnology CENPES, composed of five steps, and finally, it is possible to find final remarks and references.
Basic concepts of nanotechnology
According to the U.S. National Nanotechnology Initiative (2000), nanotechnology involves controlling materials at dimensions of 1 to 100 nanometers. Alencar et al (2006) affirms that nanotechnology involves the construction and use of functional structures designed in atomic or molecular scale, measured in nanometers (one nanometer, abbreviated as nm, is one meter divided by a billion, which means that 1 nm is equal to 10-9 m).
Nanotechnology is a future carrier technology, running through different sectors of the economy, such as, according to Alves (2004) : chemical and materials; pharmaceutical, biotechnology and biomedical, industrial instrumentation, power industry; environment, among others. According to Melo and Pimenta (2004) , nanotechnology can cover various applications, such as nanoelectronics; drug delivery; nanomaterials; composites of polymers and ceramics and metal nanoparticles; the optical properties of nanomaterials; magnetic properties of nanomaterials.
Worldwide, the U.S. began a massive investment in nanotechnology in the late '90s, with the landmark of the U.S National Nanotechnology Initiative( NNI), which supports research in nanoscale developed in departments such as the Department of Energy (DoE) and surveillance products such as the Food and Drug Administration (FDA). Europe and Asia have also invested heavily in nanotechnology, for example: Ireland, England and Japan, that have created governmental strategies for nanotechnology.
In Brazil, the Forum on Competitiveness and Innovation in Nanotechnology of Ministry of Development, Industry and Foreign Trade (MDIC), as can be seen in the website of the Ministry, was created in 2008, involving several institutions, private and public companies and government to discuss guidelines for leveraging research, products and policies for nanotechnology. In 2012, the Inter-Ministerial Committee of Nanotechnology was constituted, having as one of its goals the improvement of policies, guidelines and actions for the development of nanotechnology in the country.
In this same year, the Brazilian Ministry of Science, Technology and Innovation (MCTI), as can be seen in its website, published the National Strategy for Science, Technology and Innovation 2012-2015 which includes guidelines for nanotechnology, such as the consolidation of national laboratories infrastructure and the support to: Thematic Networks and the National Institutes of Science and Technology (INCT); At CENPES, nanotechnology is defined as the intentional and controlled manipulation of matter at the scale of less than 100nm to confer different properties and functions, in order to enable the application of nanotechnology to overcome the critical technological challenges of the company, seeking to find properties that offer new applications for existing materials/devices, and to develop new materials/devices. Nanotechnology at CENPES has greater focus on nanotechnological solutions for the energy industry and adaptation of technologies developed for other segments such as medical, automotive, etc. The main findings are related to coatings, structural materials, membranes, nanoparticles, nanofluids and sensors. Currently, nanotechnology at CENPES is divided into the following areas of research: structural materials; coatings; sensors; and health, safety and environment (HSE), which includes issues related to: toxicology, life cycle analysis, and remediation, among others.
institutional R&D projects; the creation of training program for human resources; development of industrial products/ processes related to nanotechnology; dissemination of nanotechnology in society; and international cooperation.
CENPES and nanotechnology
The Research and Development Center Leopoldo Américo Miguez de Mello (CENPES), Petrobras R&D Center, reflects all business segments of Petrobras (exploration and production, refining, petrochemical, gas and energy, biofuels) and also cross-sectional areas (logistics, environment, climate change, biotechnology and nanotechnology). There are different areas, with a great diversity of dynamic technological development, some of them are more mature and traditional than others. (2008) susceptible to disruption and technological environments that depend on developments in science and technology (S&T). Kerr et al (2006) complement the concept, relating competitive intelligence technology to the identification of opportunities and threats of technological base.
Regarding to technological foresight, Irvine and Martin (1984) consider that technology foresight analyzes the longterm future of science and technology, economy and society in order to identify strategic areas of research and emerging technologies. And, according to Coates (1985) , the foresight helps to understand the forces that shape the future and can be useful in decision-making processes.
There are several techniques that can be applied to competitive technical intelligence and also to foresight, as shown in the examples in Table 1 (see next page), selected based on the following authors and reports: Godet (1987), Porter et al (1991) , Ashton and Klavans (1997) , Coburn (1999 ), Miller (2002 , Georghiou (2008) , Ashton and Hohhof (2009) and the reports Handbook of Knowledge Society Foresight (2002) and UNIDO Technology Foresight Manual (2005) . These types of techniques can, sometimes, be used in a complementary way.
Parreiras and Antunes (2012) proposed a model of observatory of trends for R&D business centers, structured in two dimensions of horizon: current (short-term) -related to the application of competitive intelligence techniques; and future (medium and long-term) -related to foresight techniques, considering aspects as objectives, variables, information sources, scope, periodicity, indicators, resources and target public, as shown in Figure 2 (See next page).
Some issues relevant to the proposition of a model of observatory of trends in the nanotechnology area at CENPES should be taken into consideration, for example:
− It is necessary to identify the main features of the nanotechnology area at CENPES as well as its needs in terms of intelligence and foresight in order to select the methods, because according to the specific area, certain techniques may be more appropriate.
− As the area is multidisciplinary and involves different actors, may be interesting to consider, in the proposed model, techniques that involve the participation of different internal/external actors:
− Internal experts from different areas of the institution involved with nanotechnology.
− Actors/external experts -and government agencies (related to, for example, regulations, incentives, financing); universities (thematic networks) and partner companies.
The proposed model for an observatory of trends for nanotechnology intends to help to systematize the application of competitive technical intelligence and technological foresight techniques, in order to identify the most appropriate methods for this area, as well as set the frequency of application, the participants to be involved, the form of presentation of results, among others, providing ongoing studies that generate inputs for decision making in management of the nanotechnology area.
As the differential of this model of observatory, it is important to incorporate different actors involved with nanotechnology, since CENPES operates in a context of open innovation, considering universities through thematic networks and some partner companies as well as representatives of governments and agencies, who may also have a relevant role in the discussion of trends and signs as there are issues of regulation, ethics and safety in discussion.
CENPES coordinates the Thematic Network for Nanotechnology, through which develops R&D projects with universities and research institutions. In the area of nanotechnology, CENPES has more than 30 agreements with universities and research institutions and has also developed partnerships with companies focusing on research projects, involving not only universities and external research, but also suppliers and service providers.
Using a figure that shows the actors and issues related to nanotechnology available in Prospective Study Nanotechnology -Industry Notebooks Series of ABDI -Volume XX -2010, based on CGEE (2008), to take a systemic view, an adjustment was made to adapted this picture to CENPES, presented in Figure 1 , in which are shown, from the inside out: the main applications; relevant conditioning factors; segments of oil and gas where nanotechnological solutions can be applied; and main actors involved.
Proposal of a model of observatory of trends for nanotechnology area at CENPES
According to Parreiras and Antunes (2012) , in general, the observatories of trends are used to monitor specific issues and also to conduct prospective studies, using different techniques, sources and forms of participation. Thus, in order to understand better the concepts of observatories of trends, it is important to study the concepts related to competitive technology intelligence and foresight, since these activities are intrinsically related to the monitoring and analysis of the external environment, as well as prospective studies, respectively.
With respect to competitive technical intelligence, according to Klavans and Ashton (1997) , it can be used in environments Then, it is necessary to identify the variables to be monitored, which may involve: technologies; actors (universities, companies, agencies and governments); constraints (regulations, incentives, funding, among others). After that, it's important to define the information sources and techniques of intelligence and foresight to be used as the examples shown in Figure 3 .
It's worth commenting that the databases of patents, publications and reports, in general, encompass the world, while the Innovation Portal (from the Ministry of Science, Technology and Innovation) and the directory of research groups (from National Council for Scientific and Technological Development -CNPq) are focused on Brazil.
Regarding competitive technical intelligence and technological foresight, it is worth noting that there are many methods that can be used and they should be selected based on some aspects: the necessities of the area where will be performed the prospective studies (in terms of objectives and expected results), deadline and time horizon.
The order of applying competitive technical intelligence and technological foresight techniques in the model of observatory of trends for nanotechnology at CENPES is presented in Figure 4 , in the form of a continuous cycle.
For structuring the model of observatory of trends in the area of nanotechnology at CENPES will be used, as a base, the model proposed by Parreiras and Antunes (2012) , as it was already mentioned in Figure 2 . It is worth noting that the model of observatory of trends proposed does not represent a formal area, but rather a set of systematic activities involving the application of competitive technical intelligence and technological foresight techniques.
The first step is to define the purpose of the proposed observatory. In the case of the model proposed in this paper, the purpose is: to perform studies in order to enable the understanding the state of the art of nanotechnology in Brazil and around the World and to identify signs of change and technological trends, seeking to build, in an ongoing basis, a future vision for nanotechnology at CENPES.
Besides, it is important to define the target public and the processes that should receive information from the observatory of trends that, in the case of CENPES, may be related to: definition of technological strategies, decision on technology partnerships and building the future vision.
The inputs that can be used in the construction of the model of observatory of trends specific for nanotechnology area at CENPES are: strategic guidelines for nanotechnology area at the R&D center and interviews with actors involved with this area. After analyzing the results of the literature research and the consultation, the opportunities and threats should be identified. Subsequently, it is suggested to build a roadmap or a timeline (as a more simplified roadmap), which allows to show the main findings of the studies, considering the impacts in horizons of short, medium and long-term. Technologies should be listed (under development or that may be developed in Brazil/World), the constraints (for example: new regulations in Brazil/World; sources of research funding, incentives, among others), and the possible movements of actors (for example: research development, prototyping, development of partnerships, among others), signaling the opportunities and threats.
Then for monitoring some relevant topics, it is suggested to prioritize the key topics (variables/questions) and to define the techniques to be used, for example, analysis of patents and papers, and meetings/contacts with internal experts involved in the issue for discussion of signs and trends and, even, consultation with external experts when necessary. It is important to say that variables monitoring is an activity that involves a continuous observation, with the publication of alerts when it's necessary.
With reference to the periodicity of the studies, it is important to remember that it depends on the purpose for which the observatory of trends is intended, the target public and the processes that should receive the results of the observatory. Thus it is suggested that, from times to times (every six months or one year, according to the area's dynamic), a revision/complement of the literature research can be conFirst, it is proposed a literature search (articles/patents/ news) for developing an overview of nanotechnology in the oil and energy industry in Brazil/World, to identify: relevant actors; major technological trends, regulations and their impacts for nanotechnology. Before starting, it is necessary to define the scope of competitive technical intelligence and prospective studies to be performed -in this case, it is proposed that it should include Brazil and World information, depending on the needs of each study.
Then, it is suggested an expert consultation with experts, including different actors (universities and research institutes, companies, agencies and governments) to identify technological trends, as well as checking other relevant issues to the area of nanotechnology at CENPES and to enrich the process. Participants must not only be experts in nanotechnology, but also in areas where nanotechnology can be applied. Different techniques can be used, according to the conditions/requirements of each study, such as delphi, survey, interviews and questionnaires, or expert panel.
The delphi research, for example, enables to get expert opinion, with the inclusion of different actors and at the same time it guarantees the anonymity, while in the case of an expert panel, some participants may be inhibited to share relevant information, although, in the case of a panel, it may be easier to promote discussions and interactions between participants. Other types of consultation can also be performed, as example, a survey or a simpler consultation that could involve questionnaires or interviews, according to the necessities of the area. The features that should be considered are: virtual structures for consulting external experts, information databases, and internal experts that need to be involved in the process. Regarding the indicators, when necessary, some results of the research literature can be used, such as, number of patents and papers to identify possible trends.
Finally, it is important to emphasize that, in the general context, information generated by the observatory can be used not only as inputs for technology management in the R&D center (for example: identification of key technologies to be researched, definition of technology partners, market analysis technologies/products to be developed, etc.), but also in the monitoring of the technological dimension of prospective scenarios of the institutions (for example: identification of future trends, disruptive technologies and reflections about when these issues or events could happen when effectively).
At the end of the cycle, an evaluation should be performed to identify points of improvement for the next cycle. Throughout the activities of the observatory can be inserted other techniques and disciplines/areas of expertise, as required by the area and by the studies to be conducted, mainly because nanotechnology is a multidisciplinary area, with application to different sectors.
In Figure 5 , it is presented an example of presentation of the observatory results with a synthesis of technological trajectories, based on the opinion of outside experts.
ducted. The expert consultation should happen whenever it is necessary to enrich studies or to clarify doubts and it can be done through brainstorming, questionnaires, delphi, survey, expert panel, among others, or expressly, by telephone interview, for example.
A more structured consultation can occur in a longer periodicity (as example, every one or two years, according to the technological development dynamics of the area and to the necessities of the studies), involving expert panels (internal and external participants, in the case of the external participants, the current partners and also the potential ones should be considered) can be organized, which expert considered "visionary", to allow the discussion about future technological trends in order to enrich the results of the observatory and to identify disruptive technologies. This kind of consultation may be useful, for instance, to provide inputs for future vision construction processes.
Roadmaps or timelines should be kept "alive" in the organization, being updated continuously based on monitoring information and other material obtained through the area of nanotechnology, also interfaced with other processes in the institution. For presentation of results, it is proposed the elaboration of reports, presentations and a timeline/roadmap to illustrate the findings and information obtained. 
Final Considerations
In the search for competitive advantage through innovation, organizations need to know the movements and current events of their competitors and partners, government's actions, technological trends, among others, as well as developing prospective studies to help institutions to be better prepared for the future.
In an R&D business center, such information is relevant to the decision-making processes within the technology management and the monitoring of the technological dimension prospective scenarios, to observe current actions of competitors and potential partners and to identify future technology trends.
For this, the paper proposed the application of the concept of an observatory of trends, using as case study, the area of
In Figure 6 , it is possible to observe an example of a summary table of constraints, actors, opportunities and threats. In Figure 7 , it is shown the interface between the model of the observatory (where it is performed the identifi cation and monitoring of signals, trends and movements of actors) and the activities of technology management and monitoring of prospective scenarios at CENPES.
After the implementation of the observatory, CENPES experts will be able to use, as input, the information generated by the observatory in order to support decision making in existing processes of the R&D center, as shown in Figure 7 . Furthermore, it will be also possible to aggregate, to the results of the observatory of trends, other information obtained from analyzes performed in the technology management process, so it can complement the observatory activities. nanotechnology at CENPES, an emerging and multidisciplinary area in this research center. The observatory proposed is composed of a set of topics (variables/questions), sources of information, competitive technical intelligence and technological foresight techniques, etc., systematized in order to generate the necessary information in a suitable format for decision making in the context of technology management.
The observatory can provide information, such as: identification of new technologies, development of technological trajectories, mapping of potential partners, monitoring of actions of competitors, regulations and monitoring their impacts, identifying incentives and financing, among others.
The idea is that the observatory of trends can subsidize different processes in a R&D business center, related to technology management, as example: the definition of technological strategies, the identification of technological partnerships (especially in the context of open innovation) and the construction of future vision for technology dimension, as well as the monitoring of the technological dimension of prospective scenarios, to observe signs and future trends.
As future actions, after structuring the model of observatory of trends in the area of nanotechnology, it is suggested to apply in other areas of CENPES, and it can also be conducted a comparison between an emerging area and a more mature area, in order to verify aspects in the model that should be customized according to the dynamics of each area.
